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(57) ABSTRACT

The invention provides a chip package and a fabrication
method thereof. In one embodiment, the chip package
includes: a substrate having a semiconductor device and a
conductive pad thereon; an insulator ring filling a trench
formed in the substrate, wherein the insulator ring surrounds
an intermediate layer below the conductive pad; and a con-
ductive layer disposed below a backside of the substrate and
electrically connected to the conductive pad.
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1
IMAGE SENSOR PACKAGE WITH TRENCH
INSULATOR AND FABRICATION METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a Division of application Ser. No.
12/753,519, filed on Apr. 2, 2010, which is a Continuation-
In-Part of application Ser. No. 12/565,470, filed on Sep. 23,
2009, which is a Division of application Ser. No. 11/987,228,
filed on Nov. 28,2007, which claims priority to Taiwan Patent
Application no. 96129207, filed on Aug. 8, 2007, the entirety
of'which is incorporated by reference herein. This application
Ser. No. 12/753,519 also claims the benefit of U.S. Provi-
sional Application No. 61/235,153, filed on Aug. 19, 2009,
the entirety of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a chip package, and more particu-
larly to a chip package with a ring insulator and a fabrication
method thereof.

2. Description of the Related Art

Photosensitive integrated circuits play an important role in
image sensor devices which are widely used in consumer
devices, such as digital cameras, digital video recorders,
mobile phones, and portable devices. With consumer’s
demanding lighter and lighter portable devices, requirement
to reduce the dimensions of image sensor packages has
increased.

FIG. 1 is a cross section of a conventional image sensor
package 1. In FIG. 1, a substrate 2 with an image sensor
device 4 electrically connected to an extending bonding pad 6
thereon is provided. A covering plate 8 is then disposed on the
substrate 2 followed by the substrate 2 being attached to a
carrying plate 14. As shown in FIG. 1, a conductive layer 10
is formed on a backside of the carrying plate 14 and extended
to the sidewalls of the carrying plate 14 and the substrate 2
electrically connects the extending bonding pad 6 to a solder
ball 12. The image sensor package has large dimensions since
the image sensor package structures require both the substrate
and the carrying plate which have a certain amount of thick-
ness. Moreover, because the conductive layer is formed close
to an exterior area of the image sensor package, for example
the sidewalls of the substrate and the carrying plate, damage
to the conductive layer may occur during fabrication, result-
ing in device failure.

Thus, a chip package and fabrication method thereof elimi-
nating the described problems is needed.

BRIEF SUMMARY OF INVENTION

Accordingly, the invention provides a chip package. An
exemplary embodiment of the chip package comprises: a
substrate having a semiconductor device and a conductive
pad thereon; an insulator ring filling a trench formed in the
substrate, wherein the insulator ring surrounds an intermedi-
ate layer below the conductive pad; and a conductive layer
disposed below a backside of the substrate and electrically
connected to the conductive pad.

The invention also provides a method for fabricating a chip
package. An exemplary embodiment of the method com-
prises: providing a substrate having a semiconductor device
and a conductive pad thereon; disposing a covering plate over
the substrate; forming a trench in the substrate; forming an
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insulator ring in the trench, wherein the insulator ring sur-
rounds an intermediate layer below the conductive pad; and
forming a conductive layer below a backside of the substrate
and electrically connected to the conductive pad.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF DRAWINGS

The invention can be more fully understood by reading the
subsequent detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 is a cross section of a conventional image sensor
package;

FIGS. 2-7 are schematic views illustrating a method for
fabricating a chip package according to a first embodiment of
the invention;

FIGS. 8-9 schematic views illustrating a method for fabri-
cating a chip package according to a second embodiment of
the invention; and

FIGS. 10-12 schematic views illustrating a method for
fabricating a chip package according to a third embodiment of
the invention.

DETAILED DESCRIPTION OF INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

The embodiments of chip packages of the invention and
fabrication methods thereof are illustrated by embodiments
of fabricating image sensor chip packages in the following
description. However, it should be appreciated that the inven-
tion may also be applied to forming other semiconductor
chips. Therefore, the packages of the embodiments of the
invention may be applied to active or passive devices, or
electronic components with digital or analog circuits, such as
optoelectronic devices, micro electro mechanical systems
(MEMS), micro fluidic systems, and physical sensors for
detecting heat, light, or pressure. Particularly, a wafer scale
package (WSP) process may be applied to package semicon-
ductor chips, such as image sensor devices, light-emitting
diodes (LEDs), solar cells, RF circuits, accelerators, gyro-
scopes, micro actuators, surface acoustic wave devices, pres-
sure sensors, and ink printer heads.

The wafer scale package process mentioned above mainly
means that after the package process is accomplished during
the wafer stage, the wafer with chips is cut to obtain separate
independent packages. However, in an embodiment of the
invention, separate independent chips may be redistributed
overlying a supporting wafer and then be packaged, which
may also be referred to as a wafer level chip scale package
(WLCSP) process. In addition, the above mentioned wafer
scale package process may also be adapted to form chip
packages of multi-layered integrated circuit devices by stack-
ing a plurality of wafers having integrated circuits.

Referring to FIG. 2, a substrate 102 is provided with an
image sensor device 104 and a conductive pad 106 thereon,
which are electrically connected to each other. The substrate
102 may be made of Si, Ge, SiGe, or other suitable semicon-
ductor materials such as SiC, GaAs, GaAsP, AlGaAs, and
GalnP. In one embodiment, the image sensor device 104 is
fabricated on the substrate 102 by a complementary metal-
oxide-semiconductor (CMOS) process. Then, the conductive
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pad 106 is formed on the substrate 102 by a metallization
process and is electrically connected to the image sensor
device 104.

In the case, the image sensor device 104 may be comple-
mentary metal-oxide-semiconductor device or charge-
coupled device (CCD) for capturing pictures or images. The
conductive pad 106, preferably, is made of a conductive mate-
rial such as copper (Cu), aluminum (Al) or tungsten (W).

Note that while the conductive pad 106 is illustrated as a
signal layer in the embodiments of the invention, the conduc-
tive pad 106 may also be an interconnection structure com-
prising of dielectric layers sandwiched between conductive
pads, whereby the conductive pads are connected to each
other by the metal plugs. In one embodiment of the intercon-
nection structure, the bottommost conductive pad is directly
formed on the substrate and the uppermost conductive pad is
stacked over the bottommost conductive pad to electrically
connect the image sensor device and the bottommost conduc-
tive pad.

Referring to FIG. 3, a covering plate 108 is disposed over
the substrate 102. In some embodiments, a support member
110, made of material such as epoxy, polyimide (PI), photo-
resist or any other suitable materials, is formed on the cover-
ing plate 108. Then, an adhesive layer 112, made of material
such as epoxy, is coated on the support member 108, and the
covering plate 108 is bonded to the substrate 102 to form a
distance 114 therebetween. Preferably, the covering plate 108
is made of a transparent material such as glass, quartz or any
other suitable materials. Additionally, a polymer material
such as polyester may also be used in the covering plate 108.

Alternatively, the support member 110 may be formed on
the substrate 102 followed by coating of the adhesive layer
112 on the support member 110. Next, the covering plate 108
is bonded to the support member 110 to dispose the covering
plate 108 over the substrate 102.

After bonding, the substrate 102 is then thinned. In one
embodiment, the substrate 102 is ground from its backside by,
for example, a chemical mechanical polishing (CMP) process
to thin the substrate 102 to an adequate thickness. Preferably,
the thickness is less than 150 um, for example. After thinning,
the substrate 102 is notched from its backside to form a trench
116 in the substrate 102, as shown in FIG. 4.

In FIG. 4, a trench insulator (also referred to as “insulator
ring”’) 122 is formed in the substrate 102. In some embodi-
ments, the backside of the substrate 102 is etched by, for
example, a dry-etching process to form a trench 118 in the
substrate 102, in which the trench 118 surrounds a portion of
the substrate 102. Next, an isolating layer 120, made of mate-
rial such as silicon oxide, silicon nitride, silicon oxynitride or
any other suitable insulators, is formed on the backside of the
substrate 102 and fills the trench 118 to form the trench
insulator 122 which surrounds an isolation region 119. It is
understood that a patterned photoresist (not shown) is formed
on the backside of the substrate 102 prior to the dry-etching
process to mask a portion of the substrate 102 and expose
other portions for removal.

In one embodiment, a laser drilling step is also possible to
be used in formation of the trench 118 followed by depositing
the isolating layer 120 in the trench 118 to form the trench
insulator 122 and the isolation region 119. Note that the
isolation region 119 surrounded by the trench insulator 122, is
located in an area below and corresponding to the conductive
pad 106.

Referring to FIG. 5, a through via 128 is formed in the
isolation region 119 of the substrate 102. In one embodiment,
aportion of the isolating layer 120, which covers the isolation
region 119, is removed to expose a surface of the substrate
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102 in the isolation region 119. Next, a through hole 124 is
formed by, for example, a dry-etching, laser drilling or any
other suitable process, to expose the conductive pad 106.
Thereafter, a conductive layer 126 is formed on the backside
of the substrate 102, extending to the through hole 124, to
form the through via 128 which is electrically connected to
the conductive pad 106. Note that the trench insulator 122
surrounds the through via 128 for isolation.

In some embodiments, a conductive material layer (not
shown), made of material such as aluminum (Al), copper (Cu)
or nickel (Ni), is conformally formed on the backside of the
substrate 102 and extends to the through hole 124 to electri-
cally connect to the conductive pad 106 by, for example a
sputtering, evaporating, electroplating or electroless plating
process. The conductive material layer is then patterned by a
photolithography and etching process to form the conductive
layer 126 and the through via 128. Note that a signal conduc-
tive path of a chip package which is later formed can be
redistributed by the patterning step to the conductive material
layer.

FIG. 6 is a top view of a backside of the semi-finished chip
package illustrated in FIG. 5. In FIG. 6, several elements
shown in FIG. 5 are omitted for simplicity. Referring to FIG.
6, the substrate 102 is divided into several dies through the
trench 116. Each die comprises a device region such as an
image sensor device region 130, as a dotted line shows in FIG.
6, where a semiconductor device such as the image sensor
device 104 (shown in FI1G. 5) is located. Moreover, the trench
insulator 122, the isolation region 119 and the through via 128
are located at an area outside of the image sensor region
device 130, wherein the trench insulator 122 surrounds the
isolation region 119 where the through via 128 is formed.
Specifically, the trench insulator 122 does not only surround
the isolation region 119, but also the through via 128.

Note that although several trench insulators 122 and
through vias 128 are shown in FIG. 6, in a practical embodi-
ment, numerous trench insulators 122 and through vias 128
may surround the image sensor device region 130. Moreover,
while the geometric shape of the isolation region 119 sur-
rounded by the trench insulator 122 is a rectangular shape, the
geometric shape of the isolation region 119 may also be a
circular shape. In this case, the trench insulator 122 and the
through via 128 would be concentric circles.

Referring to FIG. 7, a passivation layer such as a solder
mask 132 is coated on the backside of the substrate 102 and
covers the conductive layer 126, wherein the solder mask 132
may be patterned to expose a portion of the conductive layer
126. Next, a conductive bump such as a solder ball 134 is
disposed on the conductive layer 126 and further connects to
the conductive pad 104 by the through via 128. In one
embodiment, after the solder mask 132 is formed, a solder
material (not shown) is coated on the exposed conductive
layer 126, and a reflow step is performed to form the solder
ball 134 on the conductive layer 126. Following the described
steps, an individual die is cut out along a predetermined
cutting line by a cutter. Thus, completing an image sensor
package 150, as shown in FIG. 7. Alternatively, a dry-etching
step may also be used in cutting of the die.

FIG. 7 is a cross section of a chip package 150 according to
an embodiment of the invention. In FIG. 7, a substrate 102 is
provided with an image sensor device 104 and a conductive
pad 106 formed thereon. A trench insulator or insulator ring
122 is formed in the substrate 102 and surrounds a portion of
the substrate 102 below the conductive pad 106. The portion
of the substrate 102 surrounded by the trench insulator is
referred to as “an intermediate layer 160”. Therefore, in this
embodiment, the intermediate layer 160 is disposed between
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the trench insulator 122 and the through via 128 and at least
includes a substrate material such as Si, Ge, SiGe, SiC, GaAs,
GaAsP, AlGaAs, GalnP or other suitable semiconductor
materials. A conductive layer 126 is disposed below a back-
side of the substrate 102 and is electrically connected to the
conductive pad 106. Thus, the conductive layer electrically
connects the conductive pad 106 to a solder ball 134. A
covering plate 108 is further disposed over the substrate 102.

In the chip package according to the embodiment of the
invention, because the conductive pad connects to the through
hole within the isolation region, a signal from the image
sensor device is transmitted to an exterior circuit via the
conductive pad, the through hole and the conductive layer,
rather than traveling around the sidewalls of the substrate to
transmit the signal. Thus, the signal conductive path to the
image sensor device is shortened. Moreover, because the
conductive layer is not formed close to an exterior area of the
image sensor package, damage to the conductive layer during
fabrication is reduced, thereby improving fabrication yield.

Note that because the substrate is thinned, the overall thick-
ness of the image sensor package is reduced. Thus, the image
sensor package according to the embodiment of the invention
has relatively small dimensions. Moreover, because extra
steps, such as the attaching step for bonding a chip to a
carrying plate or the etching step for separating the chip, are
not required, fabrication of the image sensor package is sim-
plified and costs are reduced.

Referring to FIGS. 8-9, a second embodiment of the inven-
tion is illustrated. Like reference numbers from the first
embodiment are utilized where appropriate. The initial steps
of this embodiment are similar to that shown in FIGS. 2
through 4. After formation of the trench insulator 122 in the
substrate 102, an intermediate layer comprising a multilayer
structure 170 is formed in the region surrounded by the trench
insulator 122 before forming the through via 128. FIG. 8
illustrates a multilayer structure composed of two layers
170A, 170B. It will be appreciated, however, that the multi-
layer structure 170 may comprise more than two layers. In an
exemplary embodiment, the multilayer structure is composed
of materials having a CTE (coefficient of thermal expansion)
between a CTE of the trench insulator 122 and a CTE of the
conductive layer 126. As such, the difference between the
CTEs of'the trench insulator 122 and the conductive layer 126
can be adjusted by the multilayer structure 170 to prevent the
chip package from delaminating during a thermal cycle,
thereby enhancing reliability.

The multilayer structure 170 may be composed of semi-
conductor materials, insulating materials, or combinations
thereof. Suitable semiconductor materials include, but are not
limited to, Si, Ge, SiGe, SiC, GaAs, GaAsP, AlGaAs, and
GalnP. Suitable insulating materials may be an epoxy resin,
solder mask or other inorganic/organic insulating materials.
Examples of inorganic insulating materials include silicon
oxide, silicon nitride, silicon oxinitride, and metal oxide.
Examples of organic insulating material include polyimide
(PD), butylcyclobutene (BCB), parylene, polynaphthalenes,
fluorocarbons, and accrylates.

The multilayer structure 170 can be formed by a coating
method, such as a spin coating method, a spray coating
method, or a curtain coating method, or other suitable depo-
sition methods, such as liquid phase deposition, physical
vapor deposition (PVD) method, chemical vapor deposition
(CVD), or epitaxial growth methods.

In one approach, the portion of the substrate 102 sur-
rounded by the trench insulator 122 is completely removed by
adry etching or wet etching process to form arecess below the
conductive pad 106. Then, a plurality of layers are deposited
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in the recess by the above described methods and anisotropi-
cally etched back to remove the materials outside of the recess
and expose the conductive pad 106, thus forming the multi-
layer structure 170. In another approach, the portion of the
substrate 102 surrounded by the trench insulator 122 is only
partially etched away. Then, one or more layers are deposited
and etched back to form a multilayer structure which includes
a portion of the substrate 102 not etched.

Thereafter, a conductive layer 126 is formed on the back-
side of substrate 102 and extends to the conductive pad 106 to
form a through via 128, electrically connected o the conduc-
tive pad 106. Subsequently, a passivation layer such a solder
mask 132 and a conductive bump such as a solder ball 134 are
formed in the same manner as described in connection with
FIG. 7. After a cutting process, an individual chip package
200, as shown in FIG. 9, is completed.

Referring to FIGS. 10-12, a third embodiment of the inven-
tion is illustrated. Like reference numbers from the above
described embodiment are utilized where appropriate. The
initial steps of this embodiment are similar to that shown in
FIGS. 2 through 4. After formation of the trench insulator 122
in the substrate 102, instead of forming a through hole 124
like in the first embodiment, a via hole 220 is formed extend-
ing partially down into the substrate in the region 119. The via
hole 220 exposes an intermediate layer 210 below the con-
ductive pad 106. In this embodiment, the intermediate layer
210 is a portion of the substrate 102 which is heavily doped
for electrical connection. The heavily doped region 210 can
be an N-type or P-type region formed by an ion implantation
or diffusion process before or after the formation of the via
hole 220. For example, the heavily doped region 210 may be
an N-type region by implanting arsenic or phosphorous ions
in a dose of about 1E14 to 6E15 atoms/cm?.

Thereafter, a conductive layer 126 is formed on the back-
side of substrate 102 and extends to the heavily doped region
210 to electrically connect to the conductive pad 106. Subse-
quently, a passivation layer such a solder mask 132 and a
conductive bump such as a solder ball 134 are formed in the
same manner as described in connection with FIG. 7. After a
cutting process, an individual chip package 250, as shown in
FIG. 11, is completed.

FIG. 12 illustrates a variant form of the third embodiment.
In FIG. 12, the conductive layer 126 extends into a portion of
the heavily doped region 210. This configuration is formed
when only a central portion of the region 119 is removed
when the via hole 220 is etched. Thus, it can be understood
that the arrangement of the heavily doped region 120 and the
conductive layer 126 is not limited by the illustrated draw-
ings, as long as the conductive layer 126 is electrically con-
nected to the conductive pad 106 through the heavily doped
region 120.

While the invention has been described by way of example
and in terms of preferred embodiment, it is to be understood
that the invention is not limited thereto. To the contrary, it is
intended to cover various modifications and similar arrange-
ments (as would be apparent to those skilled in the art).
Therefore, the scope of the appended claims should be
accorded the broadest interpretation so as to encompass all
such modifications and similar arrangements.

What is claimed is:

1. A method for fabricating a chip package, comprising:

providing a substrate having a semiconductor device and a
conductive pad thereon;

disposing a covering plate over the substrate;

forming a trench in the substrate;
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forming an insulator ring in the trench, wherein the insu-
lator ring continuously surrounds an intermediate layer
below the conductive pad; and

forming a conductive layer below a backside of the sub-

strate and electrically connected to the conductive pad.

2. The method as claimed in claim 1, wherein disposing the
covering plate comprises:

forming a support member on the covering plate;

coating an adhesive layer on the support member; and

bonding the covering plate to the substrate.

3. The method as claimed in claim 1, wherein the trench is
formed by laser drilling or dry-etching.

4. The method as claimed in claim 1, wherein the trench
surrounds a circular region or a rectangular region.

5. The method as claimed in claim 1, wherein the insulator
ring comprises a material of silicon oxide, silicon nitride or
silicon oxynitride.

6. The method as claimed in claim 1, further comprising
forming a through hole in a region surrounded by the trench.

7. The method as claimed in claim 6, wherein the interme-
diate layer comprises a semiconductor material disposed
between the through hole and the insulator ring.

8. The method as claimed in claim 6, wherein the interme-
diate layer comprises a multilayer structure disposed between
the through hole and the insulator ring.

9. The method as claimed in claim 8, wherein the multi-
layer structure comprises semiconductor materials, insulat-
ing materials, or combinations thereof.

10. The method as claimed in claim 8, wherein the multi-
layer structure comprises materials having a coefficient of
thermal expansion between a coefficient of thermal expan-
sion of the insulator ring and a coefficient of thermal expan-
sion of the conductive layer.

11. The method as claimed in claim 1, further comprising
forming a via hole partially down to the substrate in a region
surrounded by the trench.

12. The method as claimed in claim 11, wherein the inter-
mediate layer comprises a heavily doped region exposed by
the viahole, and the conductive layer is electrically connected
to the conductive pad through the heavily doped region.

13. The method as claimed in claim 12, wherein the con-
ductive layer extends into a portion of the heavily doped
region.

14. The method as claimed in claim 1, wherein entire
intermediate layer is continuously surrounded by the insula-
tor ring.
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15. The method as claimed in claim 14, wherein entire
intermediate layer is continuously surrounded by the insula-
tor ring in a plane comprising the insulating ring and the
intermediate layer.

16. The method as claimed in claim 1, wherein the insulator
ring is a continuous structure that surrounds a perimeter of the
intermediate layer.

17. The method as claimed in claim 16, wherein the insu-
lator ring surrounds an entire perimeter of the intermediate
layer in a plane comprising the insulating ring and the inter-
mediate layer.

18. The method as claimed in claim 16, wherein the insu-
lator ring is a continuous structure that completely surrounds
a perimeter of the intermediate layer.

19. A method for fabricating a chip package, comprising:

providing a substrate having a semiconductor device and a

conductive pad thereon;

disposing a covering plate over the substrate;
forming a trench in the substrate;

forming an insulator ring in the trench, wherein the insu-
lator ring coaxially surrounds an intermediate layer that
comprises a material of the substrate coaxially sur-
rounded by the trench, wherein the insulator ring, the
intermediate layer and the trench form a coaxial struc-
ture directly below the conductive pad, and wherein the
insulator ring, the intermediate layer and the trench are
coaxially located directly below the conductive pad; and
forming a conductive layer below a backside of the sub-
strate and electrically connected to the conductive pad.

20. A method for fabricating a chip package, comprising:

providing a substrate having a semiconductor device and a
conductive pad thereon;

disposing a covering plate over the substrate;

forming a coaxial structure in the substrate directly below
the conductive pad, wherein said coaxial structure com-
prises an insulator ring and an intermediate layer com-
prising a material of the substrate coaxially disposed
within the insulator ring, and wherein both the insulator
ring and the intermediate layer are located directly
below the conductive pad; and

forming a conductive layer below a backside of the sub-
strate and electrically connected to the conductive pad.
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